This paper reports on the design, fabrication and characterization of a new class of liquid RF variable inductor. These inductors have been designed for 2.5 GHz applications. SU8 laminated films have been used to realize the fluidic part of the inductance. Water and non toxic metal-liquid (Galinstan) are considered. The large contact area between the liquid and the spires lead to high variation ratio of the inductance with high quality factor. The proposed variable inductor is perspective key component for the multi-band RF circuits such as electrically controllable matching circuits and wide tuning range voltage controlled oscillator (VCO).
I. INTRODUCTION:
Tunable passives devices are important components in communication circuits where they realize multiband RF circuit. The main requirements for these components are to obtain high variation ratio with continuous states. MEMS variable inductors and capacitors have advantages of low parasitic capacitance, high quality factor and excellent high frequency characteristics. Tunable inductors could further increase the flexibility and reliability of reconfigurable wireless systems. The MEMS variable inductor [1] is applied to a tunable voltage-controlled oscillator (VCO) [2] and a tunable low-noise amplifier (LNA) [3] , which perform superior characteristics as multiband RF circuits. A few variable inductors are already documented in the literature. In [4] , inductance variability was accomplished through the use of micro relays. While large inductance changes were possible, the values were discrete and the maximum quality factor was 3.3. A continuous variation of the inductance can be achieved by altering the mutual inductance of closely coupled coils by changing the distance between them. This technique was used in [5] [6] . In [5] , a tuning range of 18% was achieved with Q of 12. In [6] , two bimorph, inductors were connected in parallel with the outer inductor fixed.
The tuning range was 8% and the quality factor exceeded 9 at 5 GHz. In [7] , electrostatics actuation was used to change the gap between the two inductors. The tuning range was closed to 50%. The quality factor was low. In [8] , the reported tuning was 34% but with Q of only 4.5. Moreover, this was accomplished with manual adjustments of a metal plate that shielded the magnetic flux of the inductor. In [9] , a spiral inductor was fabricated, with the flexible metal film. The change of spiral height resulted in an inductance variation. The maximum tuning range was 10%, Q factor was 7.2. In [10] , RF MEMS tunable inductor was on the bimorph effect of amorphous silicon (a-Si) and aluminum structural layer is presented. A 32% tuning range with high inductance (5.6-8.2 nH) is achieved by the application of a voltage. In [11] , tunable inductor was based on a transform configuration: the inductance of a spiral inductor is tuned by controlling the relative position of a magnetically coupled short circuited loop. To date, none the published tunable micro inductors fit ours specifications (high variation ratio, high frequency range applications). Therefore, to achieve inductor with high variation ratio and continuous variations at microwaves frequency, we decide to focus on the fluidic actuation. In this paper we propose a liquid based RF MEMS inductor with the potential to handle large amounts of microwave power with low loss.
II. PRINCIPLE OF VARIABLE INDUCTOR
Fig1 shows a top view of the 3D model structure of the proposed variable inductor. The fundamental idea is to place a droplet between the metal spires and thus to modify the coupling through capacitive or resistive contact. Water and non toxic metal-liquid (Galinstan 1 ) has been used in this study. The fundamental idea is to place a liquid droplet or slug between the metal spires and thus to modify the coupling through capacitive or resistive contact. This result in shortening the path length of the current through the structure; leading variation of inductance value. During the measurement, fluid was manually moved between the distance inter-coils by connecting a syringe to one of the external tube. 
III. FABRICATION PROCESS:
Fig2 shows a schematic cross section view of the technological steps developed to fabricate thick gold spiral inductors embedded in a glass substrate. The inductor is built using lamination of photosensitive film process [12] [13] . The fabrication process requires six masks. A Ti/Gold seed layer is first deposited on the glass substrate in order to perform a 2μm thick electroplated gold (Au) layer into photoresist mould (2.a). 
III. EXPRIMENTAL RESULTS:
The S-parameters were measured from 40 MHz to 20 GHz with an Agilent 8510 network analyzer and cascade Microtech GSG probes (Fig14).On the wafer, open pads were used to de-embed their parasitic effect. The scattering parameters (S-parameters) are measured at different input powers and converted to Y parameters. The Q of the inductor is calculated from the ratio of the imaginary part to the real part of the on-port input impedance that is derived from two-port measurement. The inductance L and the quality factor Q were calculated from the following equations.
Where ܻ ௗ is the two-port admittance matrix of the de-embedded inductor. De-embedding was performed by using the formula:
Where ܻ ௦ and ܻ are the admittance matrices of the measured device and the open pattern, respectively.
The scattering parameters (S-parameters) are measured at different input powers and the interconnect lines with an open standard.
Fig5 presents an example of result for 4 positions of water inside the channel. The inductance can be tuned from 5.6 nH to 6.7 nH at 1.875 GHz with a quality factor greater than 12. The difficulty of injecting Galinstan through the channels led us to use a drop (with different diameters) directly deposited on the metal tracks (Fig 6) . The first characterizations show that we can obtain a variation from 2.6 nH to 7.4 nH with quality factor of 15 at 2.5 GHz (Fig7). The final work will be presented during the conference. 
CONCLUSION:
We presented a new concept for varying inductor. The novel variable inductor consists of fluidic method. The inductor is built using lamination of photosensitive film process. The inductor was fabricated and characterized. The mesured inductance is continuously varied from 2.6 nH to 7.4 nH with quality factor of 15 at 2.5 GHz. i.e., the variable ratio is above 100%.
